Abstract: A comparison activity of phenol and its derivatives in carboxylation reaction with sodium ethyl carbonate was carried out (the ratio between substrate and sodium ethyl carbonate was 2 : 1, T = 185°С, Pco 2 = 10 atm, τ = 7 h). p-Cresol, p-chlorophenol, phenol, m-cresol, p-fluorophenol, p-bromophenol, and m-chlorophenol showed the highest activity in this reaction. o-Cresol and o-chlorophenol showed moderate activity but 2,4-dichlorophenol did not enter into the reaction. The optimum conditions for the carboxylation reaction of phenol with sodium ethyl carbonate under microwave irradiation was determined (microwave irradiation power 450 W, duration 9 min; the ratio of the initial reagents, phenol, and sodium ethylcarbonate was 1.5 : 1). A comparison activity of phenol and its methyl-and halogen substituted derivatives in the carboxylation reaction with sodium ethyl carbonate under microwave irradiation was conducted. The reaction proceeded in accordance with the rule of electrophilic substitution reaction of aromatic compounds and, in all cases, went selectively into the o-position to form corresponding phenol carbonic acid derivatives with yields ranging from 6.8%-39.5%.
Introduction
The use of carbon dioxide as a carbon source for organic synthesis is an important problem in organic chemistry. The great interest stirred by this problem is manifested by the increasing growth in the number of scientific publications dedicated to this subject [1] [2] [3] [4] . It should be noted that the utilization of carbon dioxide in chemical synthesis is also important for environmental protection, because it is one of the recognized ways by which carbon dioxide emission is reduced [1] . One of the most promising lines in the use of carbon dioxide in organic synthesis is a synthesis of carboxylic acids and their derivatives. Examples of industrial application of carbon dioxide in this direction are the synthesis of carbamide by reacting carbon dioxide with ammonia and the production of salicylic acid by carboxylation of sodium phenolate with carbon dioxide.
The carbon dioxide molecule has a low reactivity. Thus, the majority of its reactions proceed under severe conditions, with the use of catalysts, etc. At the same time, some simple derivatives of carbon dioxide are quite active. Easily obtainable carbon dioxide derivatives, such as alkaline salts of alkylcarbonic acids, which can be successfully used for carboxylation of phenols [5] , are of particular interest. Products of the carboxylation of phenols as well as hydroxybenzoic acids and its derivatives have broad practical applications. Many of them (e.g. salicylic acid, p-hydroxybenzoic acid, etc.) exhibit biological activity and are used as pharmaceuticals [6, 7] . Meanwhile, p-hydroxybenzoic acid and its derivatives are used for the manufacture of antioxidants and polymer materials [8] [9] [10] .
Information about carboxylation of phenols with alkaline salts of alkyl carbonic acids has been reported in [11, 12] . It is worth noting that the abovementioned studies mainly investigated phenolates of alkali metals as substrates in carboxylation reaction with alkali salts of alkylcarbonic acids. In such studies, the reactions were usually carried out in solvents.
We have previously studied a carboxylation reaction of phenols (naphthols) with sodium and potassium alkyl carbonates [13, 14] . The latter can be effectively used for the carboxylation of phenols (naphthols) without preliminary synthesis of sodium (potassium) phenoxides (naphtoxides) and without the use of solvents, thus corresponding to the principles of "green chemistry" [15] .
Currently, microwave irradiation technique is a rapidly growing area in the field of organic synthesis research [16] [17] [18] [19] [20] [21] . The use of microwave irradiation (MWirradiation) in chemical synthesis is associated with its ability to accelerate by up to 10 and even a 100 times many chemical reactions that cause rapid volumetric heating of liquid and solid samples. Wide opportunities of using of MW-irradiation in chemistry have aroused great interest in studying the effects of MW-irradiation.
In this paper, in line with our continued research in the field of carboxylation of hydroxyarenes with alkaline salts of alkylcarbonic acids [13, 14, 22] , we compared the activity of phenol and its various derivatives in carboxylation reaction with sodium ethyl carbonate, and found optimal conditions of carrying out the reaction of carboxylation of phenol with sodium ethyl carbonate under MW-irradiation.
Materials and methods
The chemicals used were dry sodium ethyl carbonates, which were synthesized by reacting carbon dioxide with sodium etoxide as described in [13] , as well as with o-, m-, p-cresols, o-, m-, p-chlorophenols, p-bromophenol, p-fluorophenol, 2,4-dichlorophenol (Sigma Aldrich), phenol and 2,6-dimethylphenol, which were purified by distillation. The experiments were conducted in the solvent-free mode in a gaseous CO 2 medium in a steel autoclave. The experiments under MW-irradiation were conducted in the solvent-free mode in a Samsung MB 39449G household microwave furnace (2.45 GHz). The identities of the synthesized products were confirmed by data of IR-and NMR 1 H-spectroscopy. The IR spectra were recorded using Mattson Satellite_FTIR Fourier-transform IR spectrometer, with frequencies ranging from 400-4000 cm − 1 . The NMR 1 H spectra were recorded using Bruker DPX 400 instrument operating at a frequency of 300 MHz. Tetramethylsilane was used as a standard.
5-Methyl-2-hydroxybenzoic acid
A glass reactor, placed inside a steel autoclave and equipped with a stirrer, electric heating, and carbon dioxide gas inlet (outlet) fittings, was loaded with 4.33 g (0.04 mol) of p-cresol and 2.24 g (0.02 mol) of sodium ethyl carbonate. The autoclave was pressurized, purged twice with CO 2 to remove air, and filled with CO 2 at a pressure of 10 atm, after which stirring and heating were switched on. The reaction mixture was heated to 185°C for over 4 h (at a heating rate of 40°C/h), after which it was held at this temperature and pressure of CO 2 at 10 atm for 3 h. Then, stirring and heating were stopped, and the autoclave was cooled down to room temperature. The reaction mixture was treated with water. The obtained aqueous solution was extracted with ether to separate unreacted p-cresol. From the ether layer, 2.2 g of unreacted p-cresol was recovered. The product of reaction was isolated by acidifying the aqueous phase with hydrochloric acid to afford 2.67 g (88.0%) of 5-methyl-2-hydroxybenzoic acid; T m.p = 149°C-150°C (150°C [23] ).
5-Chlorine-2-hydroxybenzoic acid
A glass beaker was loaded with 1.93 g (0.015 mol) of p-chlorophenol and 1.12 g (0.01 mol) of sodium ethyl carbonate. The mixture was subjected to MW-irradiation in a Samsung MB 39449G household microwave furnace (2.45 GHz). Irradiation was conducted at 450 W for 9 min. After this, the reaction mixture was cooled down to room temperature and extracted with toluene to separate unreacted p-chlorophenol. The product of the reaction was isolated by acidifying the aqueous phase with hydrochloric acid to yield 0.68 g (39.5%) of 5-chlorine-2-hydroxybenzoic acid; T m.p = 172.5°C-173°C (173°C [23] ).
Results and discussion
A comparison activity of phenol and its derivatives in carboxylation reaction with sodium ethyl carbonate was carried out to determine the influences of the nature and the position of substitutes in aromatic ring on the yields of the products (Scheme 1). Table 1 presents the product yields of the carboxylation reaction of phenol and their derivatives with sodium ethyl carbonate under the optimal conditions, which were found from the p-cresol carboxylation reaction with sodium ethyl carbonate ([p-cresol] : [sodium ethyl carbonate] = 2 : 1, T = 185°C, Pco 2 = 10 atm, t = 7 h).
As shown in Table 1 , the carboxylation reaction of phenol and its derivatives proceeded in accordance with the rule of electrophilic substitution reaction of aromatic ring. In this reaction, p-cresol, p-chlorophenol, phenol, m-cresol, p-fluorophenol, and p-bromophenol showed the highest activity; o-cresol and o-chlorophenol showed moderate activity; and 2,6-dichlorophenol did not enter into this reaction.
A possibility of using a MW-irradiation for the carboxylation reaction of phenol and its derivatives with sodium ethyl carbonate has been shown (Scheme 2). The reaction conditions (irradiation power, irradiation time, and molar ratio of initial reagents) that affected the yields of target product were investigated to determine the optimal conditions of the carboxylation reaction of phenol with sodium ethyl carbonate under MW-irradiation ( Table 2) . The reaction proceeded regioselectively to form only a salicylic acid. The optimal irradiation power was 450 W ( Table 2 , entries 1-4), irradiation time was 9 min (Table 2 . entries 3, 5-7), and the molar ratio of initial reagents
[phenol] : [sodium ethyl carbonate] = 1.5 : 1 ( Table 2 , entries 3 and 8-10). Table 3 presents the product yields of the carboxylation reaction of phenol and its 9 methyl-and halogensubstituted derivatives with sodium ethyl carbonate under optimal conditions, which were found from the phenol carboxylation reaction with sodium ethyl carbonate under MW-irradiation (irradiation power 450 W, irradiation time 9 min, molar ratio [phenol] : [sodium ethyl carbonate] = 1.5 : 1).
As shown in Table 3 , the carboxylation reaction of phenol and its derivatives under MW-irradiation proceeded in accordance with the rule of electrophilic substitution reaction of aromatic compounds in all cases in o-position to hydroxyl group, with the formation of corresponding derivatives of phenolcarbonic acid (yields 6.8%-39.5%). o-Cresol, o-chlorophenol, and 2,6-dimethylphenol did not enter into this reaction. The identities of the synthesized products were confirmed by using data from the IR-and NMR 1 H-spectroscopy.
Conclusion
Results indicated that the carboxylation reaction of phenol and its derivatives with sodium ethyl carbonate showed high efficiency for the synthesis of hydroxybenzoic acids and their derivatives. Many of the hydroxybenzoic acid derivatives, such as salicylic acid, p-hydroxybenzoic acid, and others, have a broad spectrum of biological activity and are widely used in pharmaceutical manufacturing. A comparison activity of phenol and its derivatives in carboxylation reaction with sodium ethyl carbonate was carried out. The optimum conditions of the carboxylation reaction of phenol with sodium ethyl carbonate under MW-irradiation were also determined. The comparison activities of phenol and its methyl-and halogensubstituted derivatives in the carboxylation reaction with sodium ethyl carbonate under MW-irradiation were also established. 
